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A B S T R A C T
Haematological profile for 17 constituents of blood were determined in 998 healthy
school children (8–19 years old) and 2246 healthy adult persons (20–70 years old) resid-
ing permanently or at least 5 years in a defined geographic region of Zagreb, Croatia.
Physiological variations corresponding to age and sex were studied as the most im-
portant factors affecting biological variation in haematological constituents of blood. In
our study erythrocytes, haemoglobin and haematocrit values were not sex dependent un-
til the age of 13 after which the values were higher in men than in women. Sedimenta-
tion rate showed sex and age related differences in the adult age with higher values in
women especially after 50 years. Total leukocyte count declined with age and in adults
the values were slightly lower in women. Segmented neutrophil granulocytes showed
the upward trend with age whereas the lymphocyte and monocyte counts declined.
Women showed slightly higher platelet count in the adult age.
Based on biological variation, we have estimated the reference intervals for 17 hae-
matological constituents of blood in order to provide medically reliable evaluation of
haematological laboratory results.
Introduction
Only a limited number of haemato-
logical constituents of blood and small
number of individuals of different age
groups had been the subject of investiga-
tion of few clinical laboratories in Croa-
tia1,2 and foreign countries3–8.
For the first time in our country we
have produced population based referen-
ce intervals for 17 haematological consti-
tuents of blood in the representative ref-
erence sample group of 3244 healthy sub-
jects, 998 school children and adolescents
aged 8–19 years and 2246 adults aged
20–70 years. The study was performed
under strictly controlled conditions ac-
cording to the IFCC recommenda-
tions12–17 comprised in the National Com-
mittee for Clinical Laboratory Standards
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The aim of this study was to deter-
mine the profile of haematological con-
stituents of blood throughout the period
of intensive growth and development dur-
ing puberty and adolescence, and in the
adult age in order to provide medically re-
liable evaluation of laboratory haemato-
logical results owing to age and sex by
paediatricians and clinicians in our coun-
try.
Participants and Methods
The local school children and adoles-
cents (8–19 years old) as well as the
adults (20–70 years old) were carefully
selected and declared healthy by special-
ists according to the medical check-ups
(according to the »International statisti-
cal classification of diseases and related
health problems«19) as well as on the ba-
sis of a questioner pertinent to the per-
sonal and family anamnesis, drug use
and abuse, physical exercise, food prefer-
ences, cigarettes smoking, alcohol con-
sumption and anthropometrical studies.
Population based representative sample
group according to age and sex is pre-
sented in Table 1. This study was per-
formed after a permission by the Ethical
Committee of Medical School University
of Zagreb, Croatia was issued, and after a
written parent's and child's consent was
obtained.
For the production of haematological
reference values we have collected the ve-
nous blood from the children according to
the standardised procedure recommen-
ded for adults14 and for children20. All
haematological constituents of blood we-
re determined within 2 to 3 hours after
collection. Venipuncture blood was col-
lected into vacutainer tubes (Becton Di-
ckinson) containing tri-potassium EDTA
as the anticoagulant.
The measurement of haematological
constituents of blood were performed by
an automated haematology analyser
»Coulter«21 which is an impendance-type
analyser. The calibration status of the
analyser was checked according to the
manufacturer's recommendations, each
time before samples were run. In addition
each blood smear was stained according
to Pappenheim-May-Grünwald-Giemsa22
and microscopically differentiated 100
leukocytes. Westergreen method23 was
used for measurement of sedimentation
rate.
Corresponding analytical inaccuracy
(bias) and coefficients of variations for
long-term analytical imprecision during
the production of reference values, ac-
hieved analytical goals based on biologi-
cal variations24,25, for haematology tests
(Table 2). All tests were performed by the
Institute of Clinical Chemistry Clinical
Hospital »Merkur« which has been en-
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TABLE 1
POPULATION BASED REFERENCE
SAMPLE GROUPS (n = 3244) ACCORDING

























rolled as a World Health Organisation
sponsored member of the International
External Quality Assessment Scheme for
Haematology since September 1985.
Our data were analysed by Statistical
Program »Statistics«, Window 3.1 accord-
ing to the recommendations of the Expert
Panel on Theory of Reference Values16.
Accordingly the reference intervals re-
flected our estimate of 0.025 – 0.975 per-
centiles of non-parametric distributions.
Results that differed for more than 3
standard deviations (SD) were elimina-
ted. In order to reduce maximally inter-
individual variations the non-parametric
method was estimated on one-year age
groups, total 11 age groups for each sex.
Mann Whitney U-test was used for statis-
tically significant differences between sex
and age groups. The error probability P <
0.05 was considered significant. In the
absence of significant sex and age related
differences the groups were combined
and analysed as a single group.
Results and Discussion
Reference intervals (0.025 – 0.975 per-
centiles) for the red cell indices are pre-
sented in Table 3. Sex and age groups
were combined when the differences
among them were not statistically signifi-
cant. Figure 1 shows age and sex depend-
ent variations of median concentrations
for erythrocytes, haemoglobin, haemato-
crit, MCV (mean cell volume), MCH
(mean cell haemoglobin), MCHC (mean
cell haemoglobin concentration), RDW
(red cell distribution width) and sedimen-
tation rate for all age groups.
According to our results during child-
hood and adolescence the concentrations
of erythrocytes and haematocrit remai-
ned for girls on the same level as the
adult population while concentrations of
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TABLE 2
QUALITY-CONTROL DATA FOR HAEMATOLOGICAL INDICES




MCV– mean cell volume 0.70 0.65
MCH – mean cell haemoglobin 0.02 0.83
MCHC – mean cell haemoglobin concentration 0.28 0.88
RDW – red cell distribution width 1.44 0.73
Platelets 2.34 2.12
MPV – mean platelet volume 1.94 1.49
Total leukocytes 13.70 0.61
Leukocytes – differential
Eosinophil granulocytes 7.50 3.18
Basophil granulocytes 1.17 1.16
Neutrophil granulocytes 1.84 0.35
Lymphocytes 4.18 0.48
Monocytes 5.06 1.34
Sedimentation rate 5.00 4.00
CVA = analytical coefficient of variation
haemoglobin and MCV have shown up-
ward trend toward the adults values. Af-
ter the age of 12 boys have shown increas-
ing concentrations of erythrocytes, hae-
moglobin, haematocrit and MCV values,
whereas below the age of 12 no sex differ-
ences were observed. Throughout the
adult age erythrocytes, haemoglobin and
haematocrit concentrations were higher
in men than in women what is in agree-
ment with other investigations7,8.
MCH rose throughout puberty and ad-
olescence although the differences were
not significant between sexes at all ages.
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TABLE 3
REFERENCE INTERVALS (0.025 – 0.975 PERCENTILES) FOR RED CELL INDICES
Red cell indices N Age (yrs) 0.025–0.975percentiles Units
Females
Erythrocytes 538 8 – 19 4.07 – 5.42 x 1012/L
1270 20 – 70 3.86 – 5.08
Haemoglobin 538 8 – 19 118 – 149 g/L
1270 20 – 70 119 – 157
Haematocrit 538 8 – 19 0.354 – 0.450 L/L
1270 20 – 70 0.356 – 0.470
Sedimentation rate 538 8 – 19 2 – 20 mm/3.6 ks
878 20 – 50 4 – 24
392 > 50 5 – 28
Males
Erythrocytes 252 8 – 12 4.34 – 5.47 x 1012/L
206 13 – 19 4.43 – 5.88
976 20 – 70 4.34 – 5.72
Haemoglobin 252 8 – 12 121 – 145 g/L
206 13 – 19 129 – 166
976 20 – 70 138 – 175
Haematocrit 252 8 – 12 0.366 – 0.452 L/L
206 13 – 19 0.390 – 0.487
976 20 – 70 0.415 – 0.530
Sedimentation rate 321 8 – 14 2 – 21 mm/3.6 ks
132 15 – 19 2 – 12
750 20 – 50 2 – 13
226 > 50 3 – 23
Males and females
MCV 998 8 – 19 76.5 – 92.1 fL
2246 20 – 70 83.0 – 97.2
MCH 998 8 – 19 24.3 – 31.5 pg
2246 20 – 70 27.4 – 33.9
MCHC 998 8 – 19 304 – 346 g/L
2246 20 – 70 320 – 345
RDW 998 8 – 19 11.6 – 14.3 /
2246 20 – 70 9.0 – 13.8
MCV = mean cell volume; MCH = mean cell haemoglobin
MCHC = mean cell haemoglobin concentration; RDW = red cell distribution width
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Fig. 1. Age and sex related changes in median concentrations for red cell indices in healthy
population sample aged 8–70 years.
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In contrast, there were virtually no age or
sex related changes for MCHC.
Our results are in agreement with
other authors4,6,26,27 while Giorno28 found
statistically significant rises in the MCH
with age and sex. According to Yip27 the
higher haemoglobin and haematocrit val-
ues in boys than in girls is largely a con-
sequence of a larger number of red cells.
According to our results the sedimen-
tation rate showed no age or sex related
difference during childhood and adoles-
cence whereas in the adult age women
showed higher values especially after 50
years what is in agreement with other
authors7,8.
Table 4 shows reference intervals
(0.025 – 0.975 percentiles) for the leuko-
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TABLE 4
REFERENCE INTERVALS (0.025 – 0.975 PERCENTILES) FOR LEUKOCYTE INDICES
Leukocytes N Age (yrs) 0.025–0.975percentiles Units
Males and females
Total leukocytes 998 8 – 19 4.4 – 11.6 109 /L
2246 20 – 70 3.4 – 9.7
Eosinophil granulocytes 998 8 – 19 0 – 9 %
0 – 1.04 109 /L
2246 20 – 70 0 – 7 %
0 – 0.43 109 /L
Basophil granulocytes 998 8 – 19 0 – 3 %
0 – 0.23 109 /L
2246 20 – 70 0 – 1 %
0 – 0.06 109 /L
Unsegmented neutrophil
granulocytes 998 8 – 19 0 – 2 %
0 – 0.35 109 /L
2246 20 – 70 0 – 2 %
0 – 0.19 109 /L
Segmented neutrophil
granulocytes 998 8 – 19 34 – 69 %
1.49 – 8.01 109 /L
2246 20 – 70 44 – 72 %
2.06 – 6.49 109 /L
Lymphocytes 998 8 – 19 19 – 52 %
0.84 – 6.03 109 /L
2246 20 – 70 20 – 46 %
1.19 – 3.35 109 /L
Monocytes 998 8 – 19 5 – 13 %
0.22 – 1.51 109 /L
2246 20 – 70 2 – 12 %
0.12 – 0.84 109 /L
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Fig. 2. Age and sex related changes in median concentrations for leukocyte indices in healthy
population sample aged 8–70 years.
cyte indices. We have combined and ana-
lysed two age groups for school children
and adolescents and for adults, since the
difference between them were not signifi-
cant. Figure 2 shows age and sex depend-
ent variations of median concentrations
for total leukocytes, neutrophil granulo-
cytes, lymphocytes and monocytes for all
age groups.
We have shown that concentrations of
total leukocytes were gradually decreas-
ing during childhood and adolescence.
From 13 until 17 years girls showed hi-
gher values than boys and than the val-
ues steadily decreased towards lower val-
ues in women than in men in the adult
age.
Our results showed that neutrophil
granulocytes were linearly increasing
with the age for both sexes, without sig-
nificant sex related differences.
We have shown that concentrations of
lymphocytes were gradually decreasing
from the age of 8–18 years without appar-
ent sex-differences reaching the constant
adult level at the age of 15 years for girls
and 18 years for boys.
According to our results the concen-
trations of monocytes are slightly lower
in the adult age than during childhood
and adolescence.
We have shown that the concentra-
tions of eosinophil granulocytes are hi-
gher in the childhood and adolescence
with 0.975 upper reference interval up to
9% of total leukocyte count than in adult
age with 0.975 upper reference interval
up to 7%.
No significant age or sex differences
were found for basophilic granulocytes
during the age of 8–70 years.
Our results are mostly in agreement
with other authors4,26,29 for total leuko-
cytes and leukocyte differential. Only
Taylor4 found higher monocyte counts for
girls while study of Swaanenburg26 indi-
cated higher values for boys. Cranen-
donk30 found higher value for eosinophil
granulocytes during childhood and ado-
lescence than in our study.
Table 5 shows reference intervals
(0.025 – 0.975 percentiles) for platelets
and MPV (mean platelet volume). As the
sex and age related differences were not
significant the groups were combined and
analysed as two age groups, for school
children and adolescents and for adults.
Figure 3 shows age and sex dependent
variations of median concentrations for
platelets and MPV for all age groups.
We have shown that the concentra-
tions of platelets were age dependent and
declined steadily toward the age of 17
years. Girls showed a distinct peak at the
age of 12 years. After that girls showed
slightly higher values than boys, whereas
below the age of 12 no difference was ob-
served. After the age of 17 the concentra-
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TABLE 5
REFERENCE INTERVALS (0.025 – 0.975 PERCENTILES) FOR PLATELETS INDICES
Platelets N Age (yrs) 0.025–0.975percentiles Units
Males and females
Platelets 998 8 – 19 178 – 420 x109/L
2246 20 – 70 158 – 424
MPV 998 8 – 19 7.0 – 10.4 fL
2246 20 – 70 6.8 – 10.4
MPV = mean platelet volume
tions of platelets showed slightly higher
values for women than for men.
According to our results the MPV
slightly rose and at the age of 16 showed
a peak for boys and at the age of 17 years
for girls. In the adult age and sex depend-
ing differences were not significant.
Our results are in agreement with
Taylor4 while Swaanenburg26 found sig-
nificant sex differences for platelet count
after age of 15 and Tsang7 in the older
population.
Conclusions
Variations according to age and sex
are the most important factors affecting
biological variation in haematological
constituents of blood. The established
profile of haematological constituents of
blood may therefore be a contribution to
better understandings of physiological
changes throughout the period of inten-
sive growth and development during pu-
berty and adolescence, and in the adult
age.
The estimated haematological refer-
ence ranges presented in this study are
derived from a large representative popu-
lation sample. Therefore the results may
be used in other urban parts of our coun-
try where similar laboratory methods are
in use in order to provide medically reli-
able evaluation of haematological labora-
tory results.
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Fig. 3. Age and sex related changes in median concentrations for platelet indices in
healthy population sample aged 8–70 years.
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PROFIL HEMATOLO[KIH SASTOJAKA KRVI ZDRAVE URBANE
POPULACIJE U DOBI OD 8–70 GODINA
S A @ E T A K
Odre|en je profil fiziolo{kih promjena za 17 hematolo{kih sastojaka krvi u 998
zdrave {kolske djece i adolescenata u dobi od 8–19 godina i 2246 zdravih odraslih osoba
u dobi od 20–70 godina koji stalno `ive ili najmanje 5 godina na podru~ju Zagreba,
Hrvatska.
Veli~ina fiziolo{ke varijacije ovisno o dobi i spolu najvi{e utje~e na veli~inu ukupne
biolo{ke varijacije hematolo{kih sastojaka krvi. U provedenom ispitivanju utvr |eno je
da se do 13 godina vrijednosti za broj eritrocita, hemoglobin i hematokrit ne razlikuju
po spolu, a zatim su vi{e u mu{karaca nego u `ena. Brzina sedimentacije eritrocita
ovisna je o dobi i spolu u odrasloj dobi, kada su vrijednosti kod `ena vi{e posebno nakon
50 godina `ivota. Ukupan broj leukocita se smanjuje s dobi, a u odrasloj dobi vrijed-
nosti su ne{to ni`e kod `ena. Segmentirani neutrofilni granulociti pokazuju trend po-
rasta s dobi dok se broj limfocita i monocita smanjuje. U odrasloj dobi `ene imaju ne{to
vi{i broj trombocita od mu{karaca.
Temeljem utvr|ene veli~ine biolo{ke varijacije, prema preporukama IFCC-a, pri-
mjenom neparametarske metode, odre|eni su referentni intervali hematolo{kih sas-
tojaka krvi koji omogu}uju medicinski pouzdanu evaluaciju hematolo{kih laboratorij-
skih rezultata.
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